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ABSTRACT

Current manned planetary program studies include
consideration of the following encounter missions: 1975
Mars, 1977 triple planet (Venus-Mars-Venus) and 1978 dual
planet (Venus-Mars). The planet illumination during the
encounter phases of each of these missions is examined to
determine 1) suitability for conducting experimental probe
operations and 2) constraints that may be imposed on opera-
tions. The results show that visual targeting of probes at
Mars is feasible with the possible exception of the 1978 mis-
sion. MSSR probes for the 1977 and 1978 missions must be
designed for long surface lifetime or operation in darkness.
The illumination of Venus reveals the position of the subsolar
and anti-solar regions. If probe entry angles are limited
to the 10-30° range, the subsolar region may not be accessible
fo probes on the second Venus encounter of the 1977 mission
or the 1978 mission. The anti-solar region appears accessible
to probes on the 1977 mission but not on the 1978 mission.
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INTRODUCTION

Current manned planetary program studies include

consideration of the following encounter missions.:

1975 Mars,

1977 triple planet (Venus-Mars-Venus) and 1978 dual planet

(Venus-Mars).

The purpose of this memorandum is to examine

the planet illumination during the encounter phases of each
of these missions in order to determine 1) suitablility for con-
ducting experimental probe operations and 2) constraints that

may be 1imposed on the probe system requirements.

Incident to

the necessary analysis, additional trajectory data were deter-
mined and recorded here for reference purposes.

MISSION PARAMETERS

The missions analyzed are those selected by the plan-
etary Joint Action Group (JAG) as thelr baseline missions.
They are assumed to be representative of the classes of tra-

jectories from which they were chosen.

However, with a wide

range of launch dates and planet encounter dates this may not

be the case.

1975 Mars
Earth launch
Mars encounter
Earth entry

1977 Triple Planet

Earth launch
Venus encounter
Mars encounter
Venus encounter
Earth entry

Dual Planet

Earth launch
Venus encounter
Mars encounter
Earth entry

1978

The specific missions evaluated are:

September 23, 1975
January 31, 1976
July 22, 1977

January 23, 1977A. &
June 21, 1977 [~  AUG1977 5
January 3, 1978:f RECEIVED =
August 20, 1978y= Nasa smi paiy &
January 9, 1979 ‘*%n INPUT BRANCH ¥

&

December 8, 1978

May 15, 1979

January 2, 1980

September 13, 1980
A
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TRAJECTORY DATA

In order to defermine the encounter geometry a
computer program was written by the author. The program de-
termines the illumination of the planet on arrival and de-
parture, the spacecraft trajectory in the flyby plane and
the variations of sun angle (sun-planet-spacecraft angle),
flight path angle, time from periapsis, distance from the
center of the planet and velocity of the spacecraft. The
output data from the computer program are presented in
Figures 1-1 through 3-7.

The graphic presentation of each mission has the
same format. The first diagram shows the heliocentric trajec-
tories of the spacecraft, Mars, Earth, Venus and Mercury as
viewed from the normal to the ecliptic plane. To simplify
plotting, all trajectories are plotted without regard for
the angle of inclination to the ecliptic plane.

For each planet encounter there are three figures.
The first is a view of the hyperbolic flyby plane as seen
from the normal to the flyby plane. In addition to the solar
illumination of the planet, the view of the hyperbolic flyby
plane shows the arrival asymptote, departure asymptote, per-
iapsis position and the flyby trajectory. The second diagram
shows the planet as seen from the arrival and departure
asymptotes. The "arrival-departure" views also show the flyby
trace on the planet. The third figure contains the following
parameters as a function of true anomaly: 1) time from peri-
apsis; 2) distance from the center of the planet; 3) sun
angle on arrival; U4) sun angle on departure; 5) flight path
angle; and 6) velocity of the spacecraft. The diagrams of
the planets show the location of the terminator, the equator,
the pole which is visible, the subsolar (anti-solar) point
if visible and the sub-Earth (anti-Earth) point.

The position of the planet with respect to the sun
was assumed to be fixed in the encounter results presented.
Thus, there is a small error in the position of the terminator
and the sun-planet-spacecraft angles. However, for this anal-
ysis the motion of the planet is negligible when compared to
the motion of the spacecraft.

1975 ENCOYNTER MISSION

The fully sunlit planet on spacecraft arrival
(Figure 1-3) is characteristic of the twilight encounter mis-
sions. The spacecraft passes over the northern hemisphere as
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shown by the flyby trace, with periapsis occurring 14° behind
the terminator. The sun angle on approach is about 6°

(Figure 1-4). For comparison, photos three and four taken

by Mariner IV had a sun angle of about 10°. The landing site
of the Mars Surface Sample Return (MSSR) probe under considera-
tion would be last viewed from the spacecraft between 12 and

15 hours prior to periapsis, corresponding to surface reso-
lutions of (.3 km and 0.5 km, respectively, with a one-

meter diffraction limited telescope.l This compares with a
maximum resolution of 3 km for Mariner IV. However, with the
small sun angle the technigue of shadow measurement may not
be adequate to determine topography.

1977 TRIPLE PLANET ENCOUNTER MISSION

In the 1977 triple planet encounter the two Venus
encounters are similar. The angles of inclination to the
Venus orbit plane are 80.4° and 80.5°, respectively, and both
trajectories pass over the south polar region. On the first
encounter periapsis occurs on the sunlit side of the planet
and for the second,on the darkside. The periapsis altitudes
are 680 km and 700 km, respectively (Figures 2-2 and 2-8).

The subsolar and anti-solar regions are the areas
of greatest scientific interest at Venus. If probe entry
angles are limited to the 10-30° range, approximately one-

third of the planet is accessible to probes.2 For the first
encounter, probes could be targeted to both regions of greatest
scientific interest. However, in this encounter the space-
craft has line-of-sight contact with the subsolar point (sun-
planet-spacecraft angle <90°) for only 1.5 hours (Figure 2-4).
The second encounter has line-of-sight contact with the sub-
solar point on arrival and the anti-solar point on departure
(Figure 2-10), but the subsolar region may not be accessible.

The Mars encounter has a periapsis radius of 3960 km
on the darkside of the planet. 1In this instance the two pro-

posed MSSR’S3 must be designed to operate in the darkness or
designed for long surface lifetime if they are to operate in
sunlight. The MSSR's on this mission would require less pro-
pulsion capability than the 1975 mission MSSR since the velo-
city of the spacecraft is about one-half that of the 1975

Mars encounter mission. However, the requirement for operating
in the darkness or with a long surface lifetime may increase
the weight requirement over what has been previously estimated.

The MSSR landing site would be last viewed between
12 and 15 hours prior to periapsis at surface resolutions of
approximately 0.2 km. Shadows occurring within 20° of the
terminator would be visible. Hence, shadow measurement may be
used to determine topography.
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1978 DUAL PLANET ENCOUNTER MISSION

In this mission the flyby plane has an angle of
inclination of 12.2° with respect to the Venus orbit plane
during the Venus encounter. The spacecraft has line-of-sight
contact with the subsolar point on approach and the anti-
solar point on departure. However, as in the second Venus
encounter on the 1977 mission, these regions may not be ac-
cessible to the probes.

The Mars encounter is from the darkside of the planet
with almost three-fourths of the planet in darkness. The reso-
lution of a one-meter diffraction limited telescope 1is approx-
imately 0.2 km at 12 hours before periapsis, but there may be
a problem in visual targeting of probes since so much of the
planet 1s in darkness. The spacecraft passes over the dark
limb of the planet with periapsis 36° behind the terminator.
The MSSR's for this mission must be designed for operation in
the darkness or long surface lifetime as was the case for the
1977 triple planet mission.

CONCLUSION

Analysis of the planet illumination during the en-
counter phase of manned planetary encounter missions assumed
as baseline missions by the JAG yields the following conclu-
sions:

a) The 1975 Mars encounter mission is generally
suitable for probe targeting. The sun angle
on arrival, however, may be too low for the
use of the shadow measurement technique to
determine topography.

b) The first Venus encounter on the 1977 triple
planet mission permits targeting probes to the
subsolar and anti-solar regions. On the sec-
ond Venus encounter the subsolar region may
not be accessible. The Mars encounter has a
sun angle of approximately 90° on approach
so shadow measurement may be used to deter-
mine topography. The MSSR probe must be
designed for operation in darkness or long
surface lifetime.

c) The flyby plane of the Venus encounter on
the 1978 dual planet mission has a low angle
of inclination which permits extended line-
of-sight contact with the subsolar and anti-
solar regions. However, these regions may not
be accessible to probes. The Mars encounter
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has poor solar illumination and visual
targeting of probes may not be possible.
The MSSR must be designed for operation
in darkness or long surface lifetime.

Acknowledgement: The trajectory data used in computing the
heliocentric trajectories and the hyperbolic encounter tra-
jectories were received from A. A. VanderY;en of Bellcomm.

(/ e l"ff’-iéi/’c'

1014-CLG-ans L. Qreer

Attachment
Figures 1-1 to 3-7
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MARS PASSAGE DATE 1/31/76

MARS PASSAGE DISTANCE 18 KM
ARR1VAL-DEPARTURE V., 8.6 KM/SEC
VELOCITY AT PERIAPSIS 9.95 KM/SEC

\3
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PERIAPSIS

INCLINATION OF FLYBY PLANE TO
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FIGURE i-2 - 1975 MARS MISSION
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VENUS PASSAGE DATE
VENUS PASSAGE DISTANCE
ARRIVAL - DEPARTURE V,,
VELOCITY AT PERIAPSIS

EQUATOR

SUB SOLAR
POINT +

PERIAPSIS SUB-EARTH +

POINT

ENCOUNTER TRAJECTORY

INCLINATION OF FLYBY PLANE TO
VENUS EQUATORIAL PLANE 80.4°

FIRST VENUS ENCOUNTER
FIGURE 2-2 - 1977 TRIPLE PLANET MISSION

6/21/77
680 KM
6.7 KM/SEC
11.8 KM/SEC
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FIGURE 2-3 - 1977 TRIPLE PLANET MISSION
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MARS PASSAGE DATA 1/3/78
MARS PASSAGE DISTANCE 3960 KM
ARRIVAL - DEPARTURE V, 4.4 KM/SEC
VELOCITY AT PERIAPSIS 5.6 KM/SEC

>
3\’3\
°o\%
2\ %, *

ENCOUNTER TRAJECTORY

EQUATOR

ANT! SOLAR ——1 PERIAPSIS

IMCLINATION OF FLYBY PLANE TO
MARS EQUATORIAL PLANE - 60.3°

MARS ENCOUNTER

FIGURE 2-5 - 1977 TRIPLE PLANET MISSION
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FIGURE 2-6 - 1977 TRIPLE PLANET MISSION
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VENUS PASSAGE DATE 8/20/78

VENUS PASSAGE DISTANCE 700 KM
ARRIVAL - DEPARTURE v, 7.1 KM/SEC
12 KM/SEC

VELOCITY AT PERIAPSIS

—

W, w
5|5
==
55
b
w | wn
Q| <

ENCOUNTER TRAJECTORY

INCLINATION OF FLYBY PLANE TO
VENMUS EQUATORIAL PLANE - 80.5°

SECOND VENUS ENCOUNTER
FIGURE 2-8 ~ 1977 TRIPLE PLANET MISSION
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FIGURE 2-9 - 1977 TRIPLE PLANET MISSION
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VEMUS PASSAGE DATE 5/15/79
VENUS PASSAGE DISTANCE 1170 KM
ARRIVAL - DEPARTURE Vo, 10.5 KM/SEC
VELOCITY AT PERIAPSIS I4.1 KM/SEC

ENCOUNTER TRAJECTORY

PERIAPSIS
482;\~7&p

’Vb;§§§

"””’::::::;TOR,

ANT| SOLAR
POINT

ANT1-EARTH
POINT

INCLINATION OF FLYBY PLANE TO \\
VENUS EQUATORIAL PLANE - 12.2°

VENUS ENCOUNTER

FIGURE 3-2 - 1978 DUAL PLANET MISSION
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FIGURE 3-3 - 1978 DUAL PLANET MISSION
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MARS PASSAGE DATE {/2/80
MARS PASSAGE DISTANCE ~ 200 KM
ARRIVAL - DEPARTURE Vo 5.4 KM/SEC
VELOCITY AT PERIAPSIS 7.3 KM/SEC

ENCOUNTER TRAJECTORY

INCLINATION OF FLYBY PLANE TO
MARS EQUATORIAL PLANE - 47.8°

MARS ENCOUNTER

FIGURE 3-5 - 1978 DUAL PLANET MISSION
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FIGURE 3-6 - 1978 DUAL PLANET MISSION
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